The multidrug resistance gene product Pglycoprotein (P-GP) was assessed immunohistochemically (by antibody JSB-1) in biopsy specimens from 27 oesophageal squamous carcinomas and 10 adenocarcinomas before treatment with mitomycin, ifosfamide and cisplatin (MIC). Tumours were assessed following treatment and correlation with response sought. Ofthe squamous carcinomas, 74% (20/27) responded to MIC but only one expressed P-GP before and after treatment. Ofthe adenocarcinomas, 30% (three of 10) responded. Seven of the 10 adenocarcinomas expressed P-GP before treatment but all 10 were P-GP positive after chemotherapy. The difference in prevalence and induction of P-GP between the histological types was highly significant and may correlate with the greater response to MIC seen in squamous carcinomas compared with adenocarcinomas. P-GP cannot be used as a predictive marker of response as tumours express it inconsistently with response to MIC. Resistance to MIC may be due to other mechanisms.
Accepted for publication 1 June 1995 Cancer of the oesophagus has a poor prognosis (five year survival is less than 4%). Survival of patients with squamous carcinoma is better than those with adenocarcinoma. Many patients have disseminated disease at presentation and most patients with resectable tumours eventually die of distant relapse. Chemotherapy potentially has a role in the control of systemic disease and could increase the chances of cure.
Results ofphase II trials ofneoadjuvant mitomycin, ifosfamide and cisplatin (MIC) show that squamous carcinomas are more responsive than adenocarcinomas (response rates 61 % and 20%, respectively) .12 A possible explanation for this difference could be the prevalence of the multidrug resistance gene (mdr-1) product, Pglycoprotein (P-GP). One We investigated the prevalence ofP-GP in prechemotherapy biopsy specimens and in posttreatment resected squamous carcinomas and adenocarcinomas ofthe oesophagus. Correlation of expression of P-GP with response to chemotherapy has been sought. Any such correlation might aid decisions about the suitability of neoadjuvant or adjuvant chemotherapy regimens.
Methods
Thirty seven patients (27 with squamous carcinomas and 10 with adenocarcinomas; table 1 a), judged fit for curative surgery, received neoadjuvant MIC as described previously. 1 Formalin fixed, paraffin wax embedded pretreatment biopsy specimens and post-treatment resected tumours were obtained in most cases. In six squamous carcinomas there was no tumour in the resected specimen (RO) and in one there was too little tumour remaining for assessment.
One 3 ,um section was stained with haematoxylin and eosin. Sections for immunohistochemistry were mounted on coated slides (Vectabond, Vector Laboratories, Peterborough, UK) and dried overnight at 37°C. After rehydration, antigen retrieval involved placing slides in 0-01 M citrate buffer (pH 6) and heating them in a microwave oven (650 W) for 15 minutes. Peroxidase activity was blocked with 0-6% hydrogen peroxide in methanol for 15 minutes. The Vectastain Elite ABC kit (Vector Laboratories) was used. The primary antibody was a mouse anti-human monoclonal, JSB-1 (diluted 1 in 20 in phosphate buffered saline (PBS), pH 7-4, and incubated for 30 minutes at room temperature), from Novocastra (Euro-Path Ltd, Bude, Cornwall, UK).
The chromogen (brown staining) was 3, 3'-diaminobenzidine tetrahydrochloride (DAB Peroxidase Substrate kit, Vector Laboratories) with a light haematoxylin counterstain. The positive control was a pellet of cells, processed to wax, derived from a human small cell lung carcinoma cell line, H69LX4, known to express P-GP.5 Negative controls were sections from the cell line and test slides incubated in PBS alone.
Routinely stained sections were reported for histological type, depth of invasion and grade (the most poorly differentiated) according to the UICC. All sections were reported blind. Chemotherapy response was assessed on barium swallow.
Lack of correlation between P-GP expression and MIC chemotherapy Fisher's exact tests tested the hypothesis of no difference between the proportion of P-GP positive biopsy specimens and resected tumours of the two histological types.
Results
Histological results are given in table lb. Negative controls were unstained; the positive control cell line showed cytoplasmic and membranous expression of P-GP. Within the test sections macrophages, giant cells, endothelial cell cytoplasm, and some lymphocytes stained positively even when the malignant cells were negative.
Normal squamous epithelium was always negative. Dysplastic epithelium was negative where the tumour was negative but positive in arcinoma the one positive case of squamous carcinoma. Glandular epithelium ofthe oesophageal glands and the stomach always showed cytoplasmic and membranous P-GP expression. Pre-and post-chemotherapy squamous tumour samples were negative with the exception of one case in which both samples were positive. Before treatment, there was hetero-NO) geneous cytoplasmic staining (mainly of the Golgi region), but the treated tumour was homogeneously positive with cytoplasmic and cell membranous staining. Before treatment, seven adenocarcinomas were P-GP positive and three negative. Six of the positive biopsy specimens showed cytoplasmic and membranous staining and one cytoplasmic only. All 10 treated adenocarcinomas, however, expressed P-GP with cytoplasmic and membranous staining (figure). There have been few studies on P-GP in the normal oesophagus or oesophageal carcinomas. Saito et al studied three cell lines from squamous carcinomas and found a pleiotropic mechanism of resistance without expression of P-GP. Robey-Cafferty et al suggested that clinical response correlated with expression of P-GP in adenocarcinomas.9 They used an antibody less specific than JSB-1, C219, which also reacts with mdr-3 (not involved in drug resistance) and myosin.'°They did not always match pre-treatment biopsy specimens with treated tumours.
In the present study, excellent detection of P-GP was obtained in matched material. The staining pattern supports the concept that tumours originating from epithelia physiologically expressing P-GP, when transformed to a malignant state, retain expression. Squamous epithelium and most of the squamous carcinomas were negative. Adenocarcinomas, believed to originate from P-GP positive gastric, metaplastic Barrett's or oesophageal gland duct epithelia, all expressed P-GP after chemotherapy. No correlation was found between P-GP expression and grade or staging oftumours.
Biopsy specimens from seven adenocarcinomas were homogeneously stained but that from one squamous carcinoma was heterogeneously positive. Sampling by a small biopsy alone could produce a false negative result in an heterogeneously expressing tumour.
The one positive biopsy specimen of squamous carcinoma and one of the seven positive adenocarcinoma biopsy specimens showed cytoplasmic staining only. However, after chemotherapy, the corresponding tumours exhibited both cytoplasmic and cell membrane staining. One consistent interpretation is a treatment induced alteration in cell trafficking of P-GP. The three adenocarcinomas, negative on biopsy but positive after chemotherapy, certainly represent increased P-GP expression (perhaps due to the natural history of treatment of the malignant cells or to a cell selection effect of the chemotherapy).
There was a highly significant difference between the proportion of positive biopsy specimens and tumours found in the two tumour types. The lower expression found in squamous carcinomas correlated with our experience of their better response to chemotherapy. The difference in survival between patients with untreated oesophageal squamous and adenocarcinomas suggests that the two tumours behave in a biologically different manner, the latter being inherently more aggressive. Origin from P-GP expressing normal tissues compounds this natural aggression in making adenocarcinomas more difficult to treat successfully with chemotherapy.
No relation has been found between the P-GP status of the original biopsy specimen and the response of individual tumours. Non-responding tumours do not always express P-GP and responding tumours are sometimes P-GP positive. This suggests that resistance to MIC is likely to involve other biochemical mechanisms associated with alkylating agents such as cellular concentrations of glutathione.'0
The identification of potential individual responders to chemotherapy would be advantageous for clinical treatment. Patients with potentially resistant tumours could avoid unnecessary toxic treatment, proceeding directly to surgery. The lack of a correlation between P-GP expression in biopsy specimens and the response of tumours means that P-GP expression cannot be used as a predictive marker of response to MIC. SJD, KJ and RSS are supported by the Oesophageal Cancer Research Appeal (OCRA), Birmingham. Statistical analysis was carried out by Ms L Billingham, The University of Birmingham CRC Institute for Cancer Studies, to whom we express our thanks. We are also grateful to Mrs K H Whitehouse for skilled photographic assistance.
